Objectives. Effective response to large-scale public health threats requires well-coordinated efforts among individuals and agencies. While guidance is available to help states put emergency planning programs into place, little has been done to evaluate the human infrastructure that facilitates successful implementation of these programs. This study examined the human infrastructure of the Missouri public health emergency planning system in 2006.
Research and experience have shown that effective response to large-scale public health threats, such as disease outbreaks, natural disasters, and terrorist attacks, requires well-coordinated efforts among individuals and agencies. [1] [2] [3] Maintaining effective levels of coordination can be difficult as public health systems typically consist of individuals and agencies working at multiple levels and representing a wide variety of stakeholders. 2, 4, 5 As a result, public health researchers and practitioners have begun to adopt a systems approach to the development, understanding, and evaluation of public health programs. 3, 4 This approach takes into consideration not only characteristics of specific individuals or agencies, but also the relationships among them.
In recent years, systems approaches have been slowly gaining momentum in areas within public health. [6] [7] [8] However, little has been done in emergency preparedness. During recent disasters in New York and New Orleans, it became clear that the field of emergency preparedness could benefit from adopting this approach. Lack of coordination and communication at multiple levels were cited as major reasons why many of the disaster planning and relief efforts failed during Hurricane Katrina 9 and why, although generally considered a success story where emergency response is concerned, the 9/11 response could have been even more effective. 3, 5 In fact, during his testimony before the U.S. House of Representatives in 2005, 10 Dr. H. Dan O'Hair, Professor and First Vice President of the National Communication Association, cited the understanding of complex disaster planning and response systems as one of six major areas in need of further study.
Emergency response and preparedness systems span the local, state, and federal levels, but much of the responsibility for planning and activities falls to state health departments. 11 While guidance is available from the federal government to help state health departments establish emergency plans and programs, little has been done to help states understand or evaluate the underlying systems of individuals and agencies that facilitate the implementation of these programs. In gen-eral, guidance provided to state programs has focused on assisting with the development of written emergency planning documents. While necessary, this focus can take emphasis away from implementing planned activities and achieving emergency preparedness. 1 State health departments need practical information about communication and coordination among emergency planning staff and among emergency planning staff and local, state, and federal stakeholders. Such information would allow state health departments to understand and strengthen their existing infrastructure and make informed decisions when faced with changes in funding, political climate, or threats to public safety.
PROJECT DESCRIPTION
The goal of this project was to understand and describe Missouri's public health emergency preparedness system by examining the connections that local public health emergency planners utilize to facilitate emergency planning and response. Because it is uniquely suited to examining connections, we used social network analysis (SNA) for this study. SNA has a focus on relationships of subjects to each other or to others rather than on relationships between various subject attributes. Our study design, data collection, and data analysis incorporated this focus.
For decades, the business community has been using SNA to examine the informal social networks that emerge among members of organizations. [12] [13] [14] [15] By asking employees questions such as, "Whom do you go to for help or advice at least one day a week?" or "Whom would you trust to keep in confidence your concerns about a work-related issue?" businesses have identified leaders and built teams that take advantage of existing social roles and social structures. The use of existing relationships has proven to be a successful strategy for improving the effectiveness and productivity of organizations. By taking this approach, we aim to improve the effectiveness of public health emergency planning as well.
Using SNA, we examined: (1) communication among public health emergency planners in Missouri, (2) partnerships between public health emergency planners and local entities (e.g., police, schools), (3) communication between public health emergency planners and hospital planners, and (4) who public health emergency planners communicate with, seek expertise from, and exchange guidance with regarding Strategic National Stockpile (SNS) planning and All-Hazards Planning (AHP).
Emergency preparedness in Missouri
The Center for Emergency Response and Terrorism (CERT) at the Missouri Department of Health and Senior Services has overall responsibility for planning, guiding, and funding public health emergency response activities for Missouri. In 2006, CERT contracted with 32 local public health agencies (LPHAs) to support preparedness initiatives at the local level for all 114 Missouri counties. These contracts included funding for a maximum of 33 local public health emergency planners, most with responsibility for multiple counties.
Missouri's local public health emergency planners work in conjunction with state and local staff to mitigate conditions that impact public health, with emphasis on bioterrorism, outbreaks of infectious disease, and other public health threats and emergencies. 16 Planners are responsible for: (1) developing a functional local public health emergency preparedness and response plan, (2) identifying and implementing protocols for the plan, (3) developing partnerships among regional entities for emergency preparedness and response, and (4) coordinating local surveillance activities to ensure rapid detection of public health concerns.
Examples of tasks that fall under these broad responsibilities include: developing a plan for clinic flow in the event of a mass vaccination, disseminating information to the local community about what to do during a disaster, and coordinating with hospitals supporting the response to public health emergencies. These tasks and responsibilities are based on the objectives described in detail in the People Prepared for Emergent Health Threats section of the Centers for Disease Control and Prevention (CDC) Health Protection Goals. 17 Two aspects of the planner role are unique to public health emergency planners (as opposed to emergency preparedness professionals outside of public health). First, for emergencies that are specifically public health-related (e.g., pandemic influenza outbreak, bioterrorism event), public health emergency planners become the first responders. Second, for other emergencies (e.g., earthquake, flood), public health emergency planners work closely with other emergency response professionals to specifically address public health aspects of the emergency. For example, during widespread power outages in St. Louis in the summer of 2006, the planners assisted hospitals in contacting the emergency operations center to request backup generators, supplied hospitals with two-way radios, and scheduled registered nurses to work at cooling shelters.
While the educational background and experience required to be a Missouri public health emergency planner varies based on which agency hires the planner, all Missouri local public health emergency planners complete the following training within 10 months of their beginning contract date. 
Measures
Each participant was asked about his or her current and past experience in emergency preparedness. We hypothesized that more experienced planners would be more central within the network of planners and act as resources for others more often. The four experience questions determined length of agency employment, length of time in current position, length of time in emergency preparedness, and amount of time spent per week on emergency preparedness. Multiple-choice questions regarding planner collaboration covered: (1) what entities planners worked with at a local level (e.g., academic institutions, businesses, emergency management), (2) the frequency of communication among local public health planners, (3) the frequency of communication between local and regional public health planners, and (4) communication between local planners and hospital planners. Open-ended questions regarding AHP and SNS networks allowed planners to list up to three people at the local, state, and federal levels that they communicated with, sought expertise from, or with which they exchanged guidance. Planners were also given the opportunity to include additional comments.
SNA was the primary method of analysis for this study; we used Pajek 1.09 19 for all network analyses, including descriptive statistics and network visualization. We calculated non-network-related statistics using SPSS Version 13.0. 20
RESULTS

Characteristics of the planners and their regions
With the goal of facilitating collaboration among the local public health emergency planners and other first responders in Missouri, each planner worked in one of nine regions with borders defined using the state highway patrol regions. The Missouri Highway Patrol regions are well established among groups with which the emergency planners must coordinate. Each region consists of six or more counties and was covered by up to eight planners ( Figure 1 , Table 1 ). The number of planners per 100,000 people ranged from 0.4 to 1.3.
Most planners had some experience with emergency preparedness before their current job, with 42% indicating that they had more than 10 years of prior experience. Most (65%) had held the position of local planner for three to five years. All planners reported spending 50% to 100% of their time on emergency planning-related activities.
Communication among local planners
Planners were asked how often they communicated with other local public health planners in Missouri. The response choices were: never, yearly, quarterly, monthly, weekly, or daily. Figure 2 shows the resulting network, which depicts regular communication among local public health planners at the time of the survey. A line between two nodes indicates that the two planners communicated more than quarterly. The density of the network was 0.23. Density is a ratio of existing to possible connections; in this case, it showed that 23% of possible connections between planners existed. The color and shape of a node indicate which region a planner worked in, and the size of a node is based on degree. Degree is a measure of how many connections a node has; in this case, it shows the number of planners each planner was communicating with on a regular basis.
The range of degree in this network was 1-14, with 6 being the median. Degree can be used to determine how central or active each planner is in the network; the higher the degree, the more the planner is communicating with others. Planner G1 had the highest degree and was therefore considered extremely central to communication among the local planners. Planners A2 and C2 also appeared central to the network. Degree varied significantly by region (F8.31, p0.01) , with the planner in Region I having the lowest degree and the planner in Region G having the highest degree ( Figure 3) .
We also compared the degree of the planners with the total amount of time they reported being in emergency preparedness. While there was no significant difference overall (F0.85, p0.54), the three planners with the highest degree (planners G1, C2, and A2) had also been in emergency preparedness for the longest amount of time.
Another measure of centrality is betweenness, which, in this case, indicated how often a planner facilitated a connection between other planners who were otherwise not connected. By acting as a bridge between planners, planners with higher betweenness had more control over the flow of information in the network. For example, planner G1 was connected to planner D1 and planner E2, who were not directly connected to each other. By facilitating the connection between planners D1 and E2, planner G1 had some control over information flow between the two.
When we compared the mean betweenness by region, we found a significant difference (F11.22. p0.01) between regions ( Figure 3 ). However, there was no significant difference in the mean betweenness (F0.90, p0.51) by length of employment in emergency planning. Contrary to our hypothesis, these results indicate that the region in which a planner worked significantly impacted both their connectivity (degree) and influence (betweenness) within the network, while planner experience in emergency preparedness had no significant impact on either.
Another notable characteristic of the network was the difference between the level of communication among planners in the same region and the level of communication across regions. On average, planners communicated weekly to monthly with the other planners in their region, while they communicated only yearly with those outside their region. A few planners, such as G1, A2, and C2, acted as bridges between various regions by communicating regularly with planners in regions outside their own. Planners in some regions, such as A and H, appeared to be well integrated with each other, while planners in regions like D and I were connected to other planners only through their ties with planner G1. In general, there did not appear to be a consistent level of communication among the planners.
Local and regional planners
Local planners were assigned to one of two regional public health emergency planners: one for regions A, B, F, and H, and the other for regions C, D, E, G, and I. The regional planners were responsible for providing technical assistance to local planners and civic groups. The regional planners also worked with the local emergency planning committees and state emergency management planners in each region and were very involved in SNS planning and exercises. Figure 4 shows how frequently local planners communicated with regional planners. The links are weighted according to the frequency of communication: the thinnest links represent yearly communication, while the thickest links represent daily communication. Seventy-one percent of local planners communicated at least monthly with their assigned regional planner. More than half of the planners (52%) communicated with both regional planners. For those who communicated with both planners, communication was typically monthly or more with their assigned regional planner and yearly with the unassigned regional planner.
Local and hospital planners
Planners were asked if they worked with any hospital planners and, if so, were asked to identify the hospital planners with whom they worked. Eighteen of the planners (61%) reported working with hospital planners. One hospital planner was identified by half of the 18 planners. No other hospital planner was identified multiple times.
Local planners and local agencies
Planners work with a variety of local entities, from academic institutions to fire departments. On average, planners reported working with 12 of the 18 local entities listed on the survey. Not surprisingly, 100% of planners reported working with emergency management. However, only 19% of planners worked with public transportation (e.g., train, bus), and fewer than half of the planners worked with the military (39%), local airports (32%), or interpreter agencies (29%) ( Table 2) . These lower levels of collaboration were expected as There was no significant difference in the number of local entities that planners worked with by region (F1.00, p0.46) (Figure 3 ) or by time employed in emergency preparedness (F1.39, p0.26 ).
AHP and SNS planner networks
In addition to asking planners about their connections with other local planners, regional planners, hospital planners, and local entities, we asked them specifically whom they communicated with, sought expertise and guidance from, and provided guidance to regarding AHP and SNS planning.
These questions were openended, allowing local planners to write in names, agencies, or other resources. Table 3 shows the number of individuals planners identified in each area. Overall, 262 unique individuals were identified by at least one planner. Figure 5 shows the affiliations of individuals who were identified by planners. The majority of individuals identified at all levels were affiliated with government agencies. Throughout the nominations, the planners identified a number of individuals repeatedly. We considered those individuals identified by at least 10% of planners in any particular area (e.g., AHP expertise) to be leaders in the Missouri public health emergency preparedness system. Figure 6 lists these leaders by their job title and the area(s) in which 10% or more of the local planners identified each leader. Note that there are few leaders at the federal level, which was expected because planners work on most issues directly with local and state agencies. If contacted, most federal agencies would refer local planners to state agencies unless the planner was from a large metropolitan area. As reflected in this quote from one of the planners, our findings show that Missouri's local public health emergency planners spend much of their time and effort seeking and maintaining connections with a wide variety of people and agencies. These connections are crucial in emergency situations such as the power outages described earlier, when planners used their networks to ensure that hospitals had the equipment they needed and that cooling centers were staffed.
DISCUSSION
Although we found that planners' networks included a large number of individuals in a wide variety of positions, we identified two gaps of interest: (1) the level of regular communication among the local planners was low, and (2) there was a shortage of connections to private-sector individuals in the AHP and SNS networks. While there are no specific guidelines for determining what constitutes an effective public health emergency planning network, addressing these areas could strengthen the Missouri public health emergency preparedness system. 
Implications for Missouri State public health preparedness: CERT
To begin addressing the gaps listed previously, we closely examined the communication structure of the local planners and identified a number of important characteristics. For example, the lack of direct connections between planners in Regions B and C was a weakness within the planner network. Region C contains St. Louis, a large metropolitan area, while Region B is the rural area just north of Region C (Figure 1 ). In the event of a large-scale emergency in the St. Louis area, it is likely that many people from the metropolitan population would travel north to Region B. Without regular direct communication between the local public health emergency planners in Regions B and C, it would be a challenge to coordinate this migration. We also identified the connections of planner G1 as a critical component of the network because without these links, planners in several regions would be isolated from the rest of the group. Identifying these network characteristics and others allowed CERT to begin building on strengths and addressing weaknesses in the human infrastructure.
CERT will also use these findings to enhance best practices. By learning from those partners who have had success at building relationships with other planners, emergency specialists in their communities, and private-sector individuals, we will develop strategies that all planners can use to strengthen their networks. In addition, understanding the planner networks will improve the efficiency with which CERT and others can distribute information and resources among the planners and their network constituents.
Other implications
Further dissemination of the results of this analysis has the potential to increase overall preparedness across Missouri by giving emergency preparedness and response agencies outside of public health (e.g., fire, law enforcement, emergency medical systems) a better understanding of how the public health system works. Businesses and faith-based organizations could also better connect with public health planners if they understood the structure. Outside Missouri, other state and LPHAs could develop or enhance their preparedness networks by learning from the Missouri structures and strategies.
In addition, although the CDC does not work directly with local planners, having prior knowledge of local public health emergency preparedness networks would allow the CDC to better work with the state to provide critical assets during a public health emergency. Finally, federal agencies that fund preparedness activities could gain further insight into how local preparedness networks function, and thus be able to better support this vital infrastructure through focusing preparedness resources.
Limitations
Cross-sectional studies of relationships have some inherent limitations. First, planners work with so many different individuals that it is nearly impossible to understand their entire networks. Second, relationships tend to be fluid. While we believe the information we collected allows a good general understanding of Missouri public health planner networks, it is a snapshot, and relationships will certainly change as time passes. Third, our results do not provide information about the quality of the relationships but rather the composition of planner networks and the frequency of communication between planners and others.
CONCLUSION
Use of a systems approach and social network analysis facilitated an understanding of the composition of public health emergency planner networks in Missouri. While there are several articles describing how emergency response networks have responded to emergencies, 3, 11 we only identified one study that described predisaster networks of emergency responders. 21 As a result, very little is known about the characteristics of effective, or even existing, emergency planning and response networks. Our study contributes a first look at the composition and structure of a statewide system of local-level public health emergency planners. We believe these findings are just the beginnings of understanding the complexity of relationships that go into public health emergency preparedness. By strategically using the information gleaned from this study and future studies of emergency preparedness systems, we have the potential to improve emergency preparedness and response so that future threats will not reveal the sorts of structural weaknesses we have seen in the past.
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